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Abstract
Objective—Interactive voice response systems (IVR) offer great advantages for data collection 
in large, geographically dispersed samples involving frequent contact. We assessed the quality of 
IVR data collected from older respondents participating in a statewide falls prevention program 
evaluation in Pennsylvania in 2010-12.
Method—Participants (n=1834) were followed monthly for up to 10 months to compare 
respondents who completed all, some, or no assessments in the IVR system. Validity was assessed 
by examining IVR-reported falls incidence relative to baseline in-person self-report and 
performance assessment of balance.
Results—While a third of the sample switched from IVR to in-person calls over follow-up, IVR 
interviews were successfully used to complete 68.1% of completed monthly assessments 
(10,511/15,430). Switching to in-person interviews was not associated with measures of 
participant function or cognition. Both self-reported (p < .0001) and performance assessment of 
balance (p = .05) at baseline were related to falls incidence.
Conclusion—IVR is a productive modality for falls research among older adults. Future 
research should establish what level of initial personal research contact is optimal for boosting 
IVR completion rates and what research domains are most appropriate for this kind of contact.
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Interactive Voice Response (IVR) protocols involve automated dialing of respondents, who 
complete prerecorded questionnaires by pushing telephone buttons or through voice 
activation. IVR has become popular in research because of its ability to reach large numbers 
at low cost. However, the quality of data collected from older respondents using these 
systems is still unclear. To address this gap in research, we used an IVR protocol designed 
to collect monthly falls information from older adults and asked (i) if older adults who 
completed follow up by IVR differed from those who switched to in-person telephone 
follow up, and (ii) if reports of falls elicited by IVR were associated with indicators of falls 
risk established in in-person assessments.
In 2010-13, we developed a research study, Falls Free PA, to assess the effectiveness of a 
statewide falls prevention program, Healthy Steps for Older Adults. Healthy Steps is a half-
day program offered by the Pennsylvania Department of Aging that involves a combination 
of screening for balance problems and education about falls risk, along with referral to 
physicians and home safety assessments (Health Research for Action, 2013; PA Department 
of Aging 2013).
To assess the effectiveness of Pennsylvania's Healthy Steps program in reducing the 
incidence of falls, we enrolled a sample of people who completed the program in 2010-11 
(n=814), along with a comparison group (n=1018) recruited from the same senior centers at 
the same time. A full description of the design of the study is available (Albert, Edelstein, 
King, Lin, Boudreau, & Newman, 2014), as well as results regarding the effectiveness of the 
program (Albert, King, Boudreau, Prasad, Lin, & Newman, 2014).
Given the relatively large sample, its wide geographical distribution, and the proposed 
schedule of monthly contact, we invited respondents to complete monthly falls assessments 
using a telephone interactive voice response system (IVR). We adapted the approach of 
Wijlhuizen and colleagues (Wijlhuizen, Hopman-Rock, Knook, van der Cammen 2006; 
Wijlhuizen, Chorus, Hopman-Rock 2010). The system dialed respondent telephone numbers 
during a defined contact period each month over 10 months; administered a brief human-
voice questionnaire on falls, activity, and health care utilization; and logged data and daily 
completion rates.
While the quality of data collected from older respondents using these systems is still 
unclear, prior research suggests reliability relative to in-person calls covering the same time 
period (Albert, et al., 2014a). To assess the quality of IVR data collection, we first examined 
completion rates for monthly interviews, the proportion switching to in-person telephone 
interviews during follow-up, and features of older adults that might be associated with 
switching from the IVR format. Second, we examined the validity of IVR data by 
comparing the incidence of falls over follow-up, elicited in the IVR interview, relative to 
risk factors for falls identified in the baseline telephone in-person assessment. These risk 
factors included self-reported balance and performance on a test of balance and lower 
extremity strength. High quality according to these indicators would suggest the value of 
IVR for large health surveys, especially for eliciting recurrent outcomes such as falls.
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Older adults aged 50+ attending PA Department of Aging programs in senior centers and 
venues offering Healthy Steps (for example, senior residential sites and churches) were 
eligible to participate in the Falls Free PA program evaluation. Exclusion criteria included 
inability to provide informed consent, language other than English or Spanish, residence in a 
skilled nursing facility, and inability to participate in telephone follow-up. The University of 
Pittsburgh Institutional Review Board approved the research.
Recruitment and Follow-Up of the Falls Free PA Cohort
Falls Free PA enrolled participants in 19 counties through presentations made at venues 
offering Healthy Steps. Potential respondents were invited to participate in the research, 
provided contact information, and completed signed informed consent. In total, 74.6% of 
people contacted (1834/2459) at senior center sites signed consent, completed the baseline 
assessment, and were eligible for follow-up. Ninety-seven percent (1772/1834) of 
participants completing the baseline provided one or more monthly follow-up assessments 
(Albert et al., 2014a).
Identifying Falls: IVR Monthly Telephone Assessments
The research used IVR technology provided by Plum Voice (www.plumvoice.com). The 
IVR technology uses VoiceXML, which interprets and executes a script generated by a web 
server. Our IVR System integrated the Plum Voice telephony services with a local web 
server, locally hosted VoiceXML scripts, and a powerful local database. The interaction 
between these systems allowed for seamless data collection from the moment the automated 
phone call was placed (or received) until the call was ended. Call data were instantly stored 
on the local database and immediately made available to researchers in real time. The IVR 
system left messages on voicemail if no one answered, which included a telephone number 
for respondents to initiate the IVR interview call, if they wished.
Participants were scheduled for a call each month, every 30 days, beginning 30 days after 
the baseline interview. The automated system generated two random calls each day (one 
morning, one evening) for up to 8 days until the person answered and the monthly interview 
was completed. If a respondent did not complete the follow-up interview in the 8-day 
window, the follow-up was considered missing and a call was attempted in the next month. 
Respondents missing IVR calls for two consecutive months were called by research 
interviewers for an in-person telephone monthly assessment. A screenshot of the system user 
interface is shown in Figure 1.
To ensure that only consented research participants completed the call, the IVR call began 
with the following message, which inserted the first name of the research participant: 
“Hello! This is the University of Pittsburgh calling regarding the Falls Free PA research 
project. We are using an automated system today and I am calling for {FIRST_NAME} who 
has agreed to participate in a short 5-minute questionnaire. If this is {FIRST_NAME}, press 
1. If not press 2.” If someone else answered the telephone, the system allowed the person 
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time to get the respondent or reschedule the call. If no one answered the call, the system left 
a message and a number that respondents could call to complete the interview.
The IVR call, consisting of six questions, took a mean of 2.5 minutes to complete. To 
ascertain falls, respondents were asked, “Think about the last 30 days. Did you fall in the 
last 30 days, that is, end up on the floor or ground because you were unable to stop yourself? 
Press 1 for yes, 2 for no.” When participants reported a fall, the system generated an email 
message to the research team, who followed up with an in-person telephone interview to 
collect information about the fall.
Participants could opt out of the automated IVR system at any point over follow-up by 
contacting the research team, in which case they were switched to in-person telephone 
follow-up. In-person telephone calls were reserved from the start for people with hearing 
impairment, Spanish speakers, people lacking touchtone telephones, people who indicated a 
preference for in-person contact, or people who interviewers thought might have difficulty 
with the IVR format. The in-person monthly interview was identical to the IVR interview.
The study began before the IVR system was fully implemented. The first 160 respondents 
began follow-up with in-person calls and were later switched to the IVR system.
Assessments
Baseline assessments used to examine features of respondents completing or not completing 
IVR assessments included sociodemographics; health-related quality of life and functional 
status (EQ-5D; Kind et al., 1998; Shaw et al., 2005); self-rated balance; memory 
performance (Memory Impairment Screen-Telephone: Buschke et al., 1999; Lipton et al., 
2003); and Timed Up and Go, a performance test of balance and lower extremity strength 
(PA Department on Aging 2007). The Timed Up and Go was only conducted in people 
attending the Healthy Steps program.
Analyses
Frequencies of monthly interviews were tabulated to identify respondents who completed 
all, some, or no assessments in the IVR system. Key quality indicators included the 
proportion of completed interviews by IVR, the proportion of IVR interviews with missing 
data, and the proportion of respondents switching from IVR to in-person telephone 
interviews over follow-up.
We could not observe falls and did not have access to hospital admissions or emergency 
department claims related to falls, ruling out a true test of validity. Instead, we opted for a 
measure of convergent validity, seeking to determine if reports of falls elicited in the 
monthly IVR interviews were related to (i) self-reports of balance elicited at baseline, since 
self-reported balance is a strong predictor of incident falls (Tinetti, Richman, Powell 1990; 
Rubenstein, Vivrette, Harker, Stevens, Kramer 2013), and (ii) lower extremity strength and 
balance performance, which are also a strong predictor of falls (Fukagawa, Wolfson, Judge, 
Whipple, King 1995; Smee, Anson, Waddington, Berry 2012; Karlsson et al., 2012).
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Falls were tracked as the number of months in which respondents reported a fall. Incidence 
was expressed as the number of months with a fall per 100 person-months of follow-up. 
Differences in incidence rate ratios were compared using Poisson regression models. 
Analyses were conducted in SPSS (20.0) and SAS (9.3).
Results
Features of the Sample
The majority of Falls Free PA participants was female (79.1%) and white (87.6%), with a 
mean age of 75.6 (s.d., 8.5) years. While nearly half of the sample reported education after 
high school, less than 20% had completed college. Participants with (n=1772) and without 
(n=62) follow-up did not differ in sociodemographic indicators, self-reported health, or falls 
risk indicators at baseline.
Participation Rate and Quality of IVR Protocol
Over the follow-up period, 10,903 IVR interviews were recorded by the web-based system, 
in which 10,511 (96.4%) had complete data. IVR interviews were completed by 1434 
respondents. Respondents initiated the IVR call (leaving a voicemail message) in 10.1% of 
interviews. The cohort completed 4919 in-person monthly telephone interviews, which 
involved 984 people.
Combining the two types of interviews showed that 803 (45.2%) completed all monthly 
follow-up assessments by IVR, 344 (19.3%) completed all follow-up assessments by in-
person calls; and 631 completed follow-up with a mix of the two modalities. As mentioned 
earlier, 160 participants began the study before the IVR system was introduced and were 
switched to IVR, and so by design completed interviews with mixed modes. The proportion 
of respondents beginning with IVR and switching to in-person contact was (631-160)/
(1772-344), or 33.0%. These respondents requested the switch to in-person follow-up or 
required interviewer-initiated calls to complete follow-up. Among people switching out of 
IVR follow-up, 53% of total assessments were completed by IVR.
All told, the 1834 respondents could have completed a maximum of 10 monthly follow-up 
interviews, or 18,340 assessments. Between the 10,511 completed in the IVR system and 
4919 completed with in-person telephone assessments, 84.1% (15,430/18,340) of potential 
follow-up assessments were obtained. 68.1% (10,511/15,430) of the follow-up was 
completed by IVR.
Comparison of Participants Completing Follow-Up by IVR and In-Person Telephone 
Interviews
As shown in Table 1 (right panel), participants who completed all follow up by IVR and 
those who switched to in-person telephone follow-up did not differ in any indicator except 
race-ethnicity. Non-white participants were more likely to switch to in-person telephone 
follow-up. Switching from the IVR protocol was not associated with any falls risk indicator 
or poorer functional status, including cognitive status as assessed by the Memory 
Impairment Screen.
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By contrast, people who completed all follow up with in-person telephone calls differed 
from IVR participants in nearly every indicator assessed at baseline. These differences were 
expected, given that IVR follow-up was not offered to people who interviewers thought 
might have difficulty with the IVR format.
Convergent Validity of Reported Falls Elicited in IVR Interview
As a measure of validity, we examined the cumulative incidence of people reporting a fall 
over follow-up in the IVR system. Over 10 months of follow-up, 30.7% reported a fall, very 
similar to the yearly incidence reported for other cohorts of older adults.
Falls incidence captured in the IVR system was highly associated with baseline self-reported 
balance. As shown in Figure 2, self-reports of poorer balance at baseline were associated 
with increased incidence of falls elicited in IVR follow-up. The incidence of falls (measured 
by number of months with a fall per 100 months of follow-up) ranged from 3.7 among 
people reporting excellent balance to 16.2 among those reporting poor balance. This 
difference in incidence rate ratios was highly significant (p < .0001).
Falls incidence also tracked well with lower extremity performance, as assessed with the 
Timed Up and Go Test. As shown in Figure 3, participants with the poorest performance 
experienced 7.3 months with a fall per 100 months of follow-up, compared to a rate of 6.1 in 
the moderate risk group and 5.3 in the lowest risk group. The difference in incidence rate 
ratios differed significantly between the lowest and highest risk groups (p= .05).
Discussion
This research demonstrates the value of IVR automated telephone calls to collect 
information on recurrent health outcomes in older respondents. In this statewide sample of 
nearly 2000 older adults, over two-thirds of monthly assessments were successfully 
completed using an IVR protocol. While a third of respondents switched to in-person 
follow-up (either because they requested the switch or because they did not respond to IVR 
calls), switching from the IVR protocol was not associated with poorer functional status or 
any falls risk indicator, suggesting that the IVR protocol was no more demanding than 
personal calls.
Acceptability of the IVR protocol can be seen in the high completion rate (nearly half of 
respondents completed all follow up by IVR, with little missing data). By contrast, IVR 
follow up may not be appropriate for more frail older adults. We excluded about 20% of the 
sample from IVR follow up based on appraisal of their ability to complete the baseline in-
person assessment.
Falls incidence based on IVR ascertainment was significantly associated with self-report and 
performance assessment of balance at baseline. Thus, the IVR protocol demonstrated 
adequate convergent validity.
IVR protocols have become more common in research because of their convenience and 
ability to reach large numbers but also because of their advantage for meeting certain 
research challenges. For example, IVR protocols are useful for collecting information on 
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illicit or stigmatizing behavior (Burge, Becho, Ferrer, Wood, Talamantes, Katerndahl 2014; 
Piette et al., 2013; Possemato et al., 2012). IVR systems have also been used successfully to 
deliver health promotion interventions, such as weight loss programs (Steinberg et al., 
2014), cancer screening (Cohen-Cline, Wernli, Bradford, Boles-Hall, Grossman 2014; 
Grearey et al., 2014), and chronic disease management (Heyworth et al., 2014; Piette et al., 
2013). The greater reach of IVR contact does not appear to come at the expense of fidelity to 
standard research measures. For example, IVR assessments demonstrate adequate reliability 
and construct validity relative to in-person assessments even for complex health-related 
quality of life (Lundy, Coons, Aaronson 2014; Bjorner, Rose, Gandek, Junghaenel, Ware 
2014) and mental health (Turvey, Sheeran, Dindo, Wakefield, Klein 2012) measures.
Consistent with our research, other studies using IVR with older people also report high 
quality data collection. In these studies older adults completed over 80% of IVR assessments 
(Piette et al., 2013; Aikens, Zivin, Trivedi, Piette 2014). Older adults report favorable 
attitudes to IVR interviews even when they have difficulty using such systems (Miller, 
Aube, Talbot, Gagnon, Messier 2014). Overall compliance with IVR assessment may be 
higher among older participants than in younger samples and is preferred over Internet 
follow-up (Verma, et al., 2014).
Limitations of this research include absence of a true criterion measure for assessing the 
validity of IVR-reported falls. Access to hospital and emergency room information over the 
same time period would be useful but would only capture more severe injurious falls, not the 
full experience of falls assessed in the IVR protocol. Use of concurrent monthly falls diaries 
might be useful, but completion rates for diaries are low. A new and promising modality is 
use of sensors to detect falls in homes, but we are unaware of studies that have assessed self-
reports relative to sensor indicators. Still another approach is to determine if IVR reports of 
falls track with improvements in balance established in interventional settings. Each of these 
approaches would shed additional light on the value of IVR for tracking falls in community 
settings. Adequate assessment of falls may require a combination of such approaches.
This research suggests that IVR is a productive modality for falls research among older 
adults. Future research should establish what level of initial personal research contact is 
optimal for boosting IVR completion rates and what research domains are most appropriate 
for this kind of contact. Likewise, it will be useful to know what features of older adults, 
such as level of cognitive performance, make IVR approaches less reliable than in-person 
contact.
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• Interactive voice response (IVR) calls were used to track falls in older adults.
• People completing IVR and switching to in-person follow up were similar.
• Falls incidence elicited by IVR was associated with baseline falls risk.
Albert et al. Page 10























Screenshot from Interactive Voice Recognition System
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Falls Incidence by Self-Rated Balance at Baseline, IVR Follow-Up
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Falls Incidence by Performance on Timed Up and Go Task at Baseline
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Table 1
Features of Respondents according to Use of Interactive Voice Response (IVR) System over Follow-Up
Use of IVR System vs. No Use over Follow-Up, 
n=1778
Maintain IVR Follow-Up vs. Switch n=1274 
(Excludes n=160 who began study before start of 
IVR interviews)




All Follow-Up by IVR, 
n=803
Switch to In-Person 
Follow-Up, n=471
Demographics
    Age, mean (sd) 74.9 (8.2)
77.4 (8.9)
*** 75.0 (8.1) 74.8 (8.5)
    Female, % 80.1 75.5 80.3 79.6
    Married, % 36.5
26.8
*** 38.0 35.9









    Mobility disability, % 36.1
44.9
*** 34.4 37.8
    IADL disability, % 25.7
37.3
*** 24.4 26.5
    ADL disability, % 4.7
9.9
*** 5.2 3.6
    Pain, % 61.2 59.1 61.8 60.1
    Anxiety-depression, % 28.5 31.7 28.4 28.7
    Global health, mean (sd) 80.4 (15.8)
76.4 (18.3)
*** 80.4 (15.9) 80.8 (14.9)
    3+ Rx meds, % 62.5
50.0
*** 63.5 61.0
    Memory impairment, % 7.1
19 0
*** 6.1 7.9
    Fair-poor balance, % 24.7
32.4
*** 24.5 24.8
Mobility, IADL, ADL, pain, and anxiety-depression symptoms were self-reported using the EQ-5D and indicate “some” or “a lot” of difficulty in 




p < .001 by t-test or X2
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